Abstract
and water-soluble organic carbon (WSOC)) has been described elsewhere. (Zhang et 111 al., 2012; Zhang et al., 2015a) Recently, 14 C measurements in aerosols collected in
112
China were also analyzed at the University of Bern, Switzerland following this 113 protocol. (Huang et al., 2014) In brief, 14 C analysis of TC was conducted at the University 114 of Bern, Switzerland by coupling of an EA (elemental analyzer) with a MICADAS (MIni
115
CArbon Dating System). (Szidat et al., 2014) 14 China, which is consistent with other studies. (Cao et al., 2003; Hu et al., 2014) 
133
The average high concentrations of OC and EC in PM2.5 were observed in Beijing (21.1 134 ± 13.9 μg m -3 and 2.8 ± 2.2 μg m -3 ), followed by Guangzhou (17.3 ± 9.6 μg m -3 and 2.9 135 ± 1.3 μg m -3 ) and Shanghai (9.0± 7.6 μg m -3 and 1.6 ± 1.5 μg m -3 ). The ratios of total 136 organic matter (TOM=1.6 × OC + EC) to total fine particle mass were 20 ± 6%, 17 ± 6%, 137 and 36 ± 8% in Beijing, Shanghai, and Guangzhou, respectively. It indicated the 138 importance of carbonaceous aerosol in air quality, especially in Guangzhou, South
139
China. However, carbonaceous aerosols play a different role in haze formation in each 140 city. There are no significant correlations between the ratios of TOM/PM2.5 and PM2.5 141 concentrations in Beijing and Shanghai, which implied that carbonaceous aerosols are 142 the major component of PM2.5 but did not play the predominant role in haze formation.
143
Whereas in Guangzhou, the ratio of TC/PM2.5 was positively correlated with PM2.5 144 concentration (R 2 =0.27, p<0.05). This means that relative contributions of 145 carbonaceous aerosols to total fine particles increased when the haze occurred in 146 Guangzhou, implying the role of carbonaceous aerosols is more important in South
147
China than those in other parts of China. The average concentrations of OC and EC in 148 Beijing, Shanghai and Guangzhou in this study were similar to those reported at the 149 same city during 2013 (OC: 38.6 μg m -3 ; EC: 5.83 μg m -3 in Beijing; 10.9 μg m -3 and 3.03 150 μg m -3 in Shanghai; 14.4 μg m -3 and 3.87 μg m -3 in Guangzhou); (Zhang et al., 2016) and 151 significantly higher than European urban cities like Athens, Greece (2.1 ± 1.3 μg m -3 152 and 0.54 ± 0.39 μg m -3 ), (Paraskevopoulou et al., 2014) Elche, Spain (5.6 ± 2.8 μg m -3 153 and 1.5 ± 1.2 μg m -3 ), (Perrone et al., 2011) (10.2 ± 5.5 μg m -3 and 4.1 ± 2.6 μg m -3 ), (Kim et al., 2007) Yokohama, Japan (3.75 ± 1.5 155 μg m -3 and 1.94 ± 1.2 μg m -3 ). (Khan et al., 2010) 156 Seasonally, the mass concentrations of PM2.5, OC and EC were all higher in winter and 157 lower in summer (Fig.2) (Schauer et al., 2002 (Schauer et al., , 1999 , while higher OC/EC ratios of aerosols 169 might source from coal combustion (Zhi et al., 2008), wood combustion (16.8-40.0) 170 (Schauer et al., 2001) , forest fires (14.5), biomass burning (7.7) (Zhang et al., 2007) , 171 and formation of SOA (Chow et al., 1993 were found. However, there was no significant correlation found in summer. The 179 average OC/EC ratios in autumn (8.6) and winter (9.6) were significantly (p<0.01) 180 higher than those in spring (4.9) and summer (3.7) (Fig.2) . It implied that the major 79% and 82%), (Zhang et al., 2015b; Zhang et al., 2015a) Xi'an (78±3%), (Zhang et al., 205 2015a) Shanghai (79%) (Zhang et al., 2015a) and Guangzhou (80-90%), (Liu et al., 2014) EC that were derived primarily from biomass burning (BB) were also higher in autumn 221 (>30%) compared to the other seasons. The 5-day back trajectory analysis revealed 222 that air masses came from inland central China (Fig. 1) . It is suggested that the burning 223 of agricultural waste has a strong impact on air quality during this season in Beijing 224 (Zhang et al., 2017) . This result is consistent with our previous study, which indicated Guangzhou, the contribution of non-fossil sources was the highest (69%), and the 241 ratios of ECBB/EC reached 0.39 and 0.48 in the winter samples. As shown in Fig. 1 character is the same as the one in the regional-scale haze events reported in a 246 previous study. (Liu et al., 2014) 
247
In Beijing and Guangzhou, the source compositions were almost consistent in spring 248 and summer, but the average contribution of non-fossil sources in Beijing (45±4%) was (Fig. 3) . In addition, the air masses of haze and non-haze in each season at 265 each site were from approximately the same direction (Fig. 1) . Above all, this study 
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